, and blood pressure were determined In a representative sample (n = 542) of the adult Israeli Jewish population. Persons with diabetes or on antlhypertenslve medications were excluded. Total VLDL and LDL fractions were estimated from their cholesterol and trlglyceride subtraction levels that were standardized relative to the mean of the reference group (participants free of glucose Intolerance, obesity, and hypertension -the GOH conditions). Hyperinsulinemia and disturbed levels of VLDL and LDL were defined as levels equal to or greater than the 75th percentile and those of HDL, equal to or less than the 25th percent Me of their respective reference group distributions. When VLDL was disturbed jointly with LDL and HDL, the mean Insulin response adjusted for age, gender, glucose response, BMI, blood pressure, and smoking was high compared to the reference group (166.0 vs. 122.5, p < 0.001). With Isolated disturbed VLDL, or disturbed LDL and HDL but normal VLDL, the mean Insulin response resembled the reference group. The adjusted risk ratio for this jointly disturbed llpoproteln profile among hyperinsullnemlc Individuals was 3.4 (95% confidence limits 2.6 to 4.4, p < 0.001) with no further association with the GOH conditions. We conclude that hyperlnsullnemia is characterized by an atherogenlc llpoproteln profile. (Arteriosclerosis 8
T he lipoprotein profile is disturbed in diabetes, 1 " 7 impaired glucose tolerance, 2 -6 obesity, 26 ' 8 and treated and untreated hypertension 9 -10 (the GOH conditions). Glucose intolerance and obesity 211 " 14 are characterized by hyperinsulinemia in the fasting state and, more prominently, in response to a glucose load, reflecting the insulin resistance of target tissues. 11 " 16 Untreated hypertension, too, is independently associated with hyperinsulinemia 17 ' 18 - 19 and with insulin resistance. 20 Communitybased studies 8 -21 ' 22 - 23 have shown an independent, positive association of hyperinsulinemia with lipoprotein levels, which confirm previous observations linking insulin response with blood lipid levels. 2 ' 24 Current concepts based on epidemiologic, clinical, and experimental studies showing a strong correlation and metabolic linkage of the three major lipoprotein fractions, very low density lipoprotein (VLDL), low density lipoprotein (LDL), and high density lipoprotein (HDL), suggest that factors that adversely affect the production or clearance of one fraction are, under most conditions, likely to jeopardize the entire lipoprotein profile. 1 ' 25 -2627 Other studies suggest that hyperinsulinemia and its attendant insulin resistance may be such a factor. 1 
' 28~31
The patterns of association observed in populationbased epidemiologic studies can complement the findings of experimental studies, which are perforce conducted on small numbers of highly selected individuals. Thus, the degree to which experimental findings can be extrapolated to the general population may become apparent. Previous epidemiologic studies of the association of lipoproteins with hyperinsulinemia 6 -21 -a a have not addressed the extent to which disturbed lipoprotein levels in the GOH conditions are explained by the attendant hyperinsulinemia. These studies dealt with the association of hyperinsulinemia and individual lipoprotein subtractions, and not the association with joint disturbances. Our current sludy was designed to examine the independent effect of hyperinsulinemia on lipoproteins and the contribution of hyperinsulinemia to lipoprotein disturbance in the GOH conditions in a representative population sample. We gave special emphasis to concommitant changes in all the lipoprotein fractions. The findings were used to evaluate the generalizability of pathophysiological mechanisms underlying disturbed lipoprotein profiles.
Methods

Participants and Clinical Procedures
The current study investigated a subgroup of the Israel Study of Glucose Intolerance, Obesity, and Hypertension (The Israel GOH Study). Begun in 1969, this is an ongoing, nationwide, longitudinal study of a sample of 5711 individuals born between 1912 and 1941 (Phase I sample drawn from the Israel Central Population Registry). 15 ' 17 During 1969 to 1972, these individuals were visited at home where measurements of blood pressure, weight, and height and information on regular use of medications were obtained. Glucose tolerance was not examined in Phase I.
Between 1977 and 1982, a representative group of the original sample, 2769 participants (Phase II sample), had their weight, height, and blood pressure recorded and regular medication use verified by inspection of drug receptacles at home. Their blood pressures were measured with a standard mercury sphygmomanometer in the sitting position. Four measurements were obtained, two before and two after the interview. Consequently, they attended regional medical centers where their fasting plasma glucose was determined, and, for those persons not known to be diabetic, an oral glucose tolerance test was given. During 1979 to 1982,1211 participants (ages 37 to 70 years), who were not known diabetics, were tested for fasting plasma lipoprotein and insulin response at 1 to 2 hours after the oral glucose load. 1 5 1 7 3 1 All patients signed an informed consent form, and the study was approved by the hospital ethics committee.
The current study group was part of a representative subsample of 632 individuals from the group of 1211 selected for a dietary interview and for whom there was complete data on glucose tolerance, insulin response, and all lipoproteins. This subsample constituted 11.1% of the original Phase I sample. The recruitment rate was similar in all three age decades (10.9%, 11.6%, and 10.4% from the youngest to the oldest), in both genders (11.4% in men and 10.7% in women), among individuals in Phase I who were obese (11.3%) or nonobese (10.7%), and in those in Phase I who were hypertensive (10.8%) or normotensive (11.2%). This suggests that there was no selection bias related to the GOH conditions. 32 For the purpose of the current analysis, diabetics and individuals on antihypertensive medications (including diuretics) were excluded, leaving 542 persons, 288 men and 254 women. Diabetics were excluded because we wanted participants in the range in which the degree of hyperinsulinemia is directly related to the degree of insulin resistance. (In Type II diabetics, this relationship is disrupted because pancreatic beta cell responsiveness is reduced and insulin resistance increases. 11 " 14 ) Individuals on antihypertensive medications were excluded because this treatment may lead to a disturbed lipoprotein profile. 9 ' 33 Alcohol consumption in our group was low (mean 51 g/week, only 2% consuming & 50 g/day), and the rate of use of any kind of estrogen by women was only 4.9%. Neither factor is associated with the GOH conditions.
Laboratory Procedures
Analysis and quality control of lipoprotein levels conformed to the LJpid Research Clinics Program. 34 Plasma cholesterol and triglyceride levels (mg/dl) were determined with the Technicon Autoanalyzer II (AA-II) analytical system (Technicon Instruments Corporation, Tarrytown, NY). The total cholesterol measuring procedure adapted to the AA-II was the Liebermann-Burchard reaction. Triglycerides were analyzed fluorometrically after conversion to flurorphore. LJpoproteins were separated by ultracentrifugation at a saline density of 1.006 g/ml to yield a supernatant fraction containing VLDL and an infranatant fraction containing both LDL and HDL. Cholesterol and triglycerides were measured in the total plasma and in the 1.006 g/ml supernatant and infranatant fractions. HDL cholesterol was measured in the 1.006 g/ml infranatant fraction after precipitation of the apo B-containing lipoproteins by means of heparin and manganese chloride.
Glucose (mg/dl) was determined by a routine automated Technicon Autoanalyzer II method by using potassium ferricyanide reduction. Plasma insulin (mU/l) was determined in duplicate by using the Phadebas Radioimmunoassay kit (Pharmacia Diagnostics, Piscataway, NJ). The within-assay coefficient of variation was 4% and the between-assay variation was 8%.
Data Analysis
The associations between lipoproteins, GOH conditions, and insulin response were analyzed by using both continuous and categorical forms of the variables. These variables are described below.
GOH Conditions
Relative weight. The continuous form was body mass index [BMI = weight (kg)/height (m 2 )]. The categorical form was obesity defined as BMI s 25; this was mostly moderate obesity since only 13.5% of the subjects had BMI a 31.
Blood pressure. The continuous form was systolic blood pressure. Diastolic blood pressure was not used because preliminary analysis indicated that systolic blood pressure accounted for all the effect. The categorical form was hypertension defined by at least two of the four measurements (mm Hg) showing either systolic blood pressure >145 or diastolic blood pressure >93. This was mostly mild hypertension, since diastolic blood pressure >100 was found in only 6% of the patients.
Glucose tolerance. The continuous form was the sum of 1 -and 2-hour postload plasma glucose levels (sum glucose) representing the area under the glucose response curve, which is the established measure of glucose tolerance. 14 The categorical form was glucose tolerance classified according to the National Diabetes Data Group criteria. 35 We defined abnormal glucose tolerance as the combined categories of nondiagnostic and impaired glucose tolerance.
GOH categories. The study group was divided into two categories: 1) the reference group of individuals free of the GOH conditions (nonobese, normotensive persons with normal glucose tolerance), and 2) the GOH group of individuals with one or more of the GOH conditions.
Insulin Response
The continuous form was the sum of the 1 -and 2-hour postload levels (sum insulin) as a measure of the area 229 under the insulin response curve, which reflects insulin sensitivity. 14 The categorical form was defined relative to the distribution of sum insulin in the reference group. Levels equal to or greater than the 75th percentiie of this distribution were termed hyperinsulinemic. 17 
Lipoproteins
Upoprotein subtractions. The continuous form included the lipoprotein subfractions VLDL cholesterol (VLDL-C), VLDL triglycerides (VLDL-TG), LDL cholesterol (LDL-C), LDLtriglycerides (LDL-TG), and HDL cholesterol (HDL-C). The categorical form included disturbed levels of VLDL-C, VLDL-TG, LDL-C, and LDL-TG which were defined as levels equal to or greater than the 75th percentiie of their distribution in the reference group. Also included was HDL-C when it was equal to or less than the 25th percentiie.
Estimating total VLDL, LDL, and HDL fractions. The lipoprotein measurements most relevant for this study would have been concentrations of the total VLDL, LDL, and HDL fractions. Since these measurements are not feasible in epidemiologic studies, the usual approach has been to use the major lipid components -VLDL-TG, LDL-C, and HDL-C -as measures of these fractions. In principle, however, a combined measure that takes into account VLDL-C, LDL-TG, and HDL-TG should be more precise and afford greater power for detection of the associations of the total fractions with other factors. This is particularly true of VLDL and LDL in which VLDL-C and LDL-TG constitute up to 25% of the lipid mass of the respective particles. To achieve such a combined measure we devised a method by which standardized values of VLDL, LDL, and HDL (S-VLDL, S-LDL, and S-HDL) were calculated for each person. This method, which is outlined below, is based on the following premises: 1) Since VLDL and LDL particles contain both cholesterol and triglycerides, the cholesterol and triglyceride concentrations within each fraction constitute two measurements of the same particles as if expressed in different units. 2) The standardized values (the measurement of each lipoprotein subtraction in terms of its distance from the respective mean concentration in the reference group divided by the respective standard deviation in that group) may be used to convert the cholesterol and triglyceride measurements of each lipoprotein fraction to comparable units. (For an analogous application, see reference 36.) 3) Averaging the standardized concentrations of cholesterol and triglycerides within each fraction yields an estimate of the standardized total lipid content of these fractions. This contention should hold true irrespec-tive of changes in the cholesterol/triglyceride ratio within a given fraction relative to the mean ratio in the reference group. (Thus, if the ratio changes but the total amount of lipid within the fraction resembles the reference group mean, this implies a reduction in cholesterol content and a proportionate increase in triglyceride content, or vice versa. Consequently, the mean of the standardized values of the lipoprotein subfractions should remain unchanged. By the same token, an increased mean must reflect an overall increase in lipid content.) Moreover, if the ratio of the total lipid content to the nonlipid components is not considerably changed relative to the mean in the reference group, the standardized value will be an estimate of the total fraction and not just its lipid portion. The relative constancy of this ratio was indeed, expected in our study group because of the moderate elevation of blood pressure, moderate degree of glucose intolerance, moderate levels of obesity, and moderate levels of disturbed lipoproteins.
The following formula illustrates the calculation of the standardized VLDL-TG for a specific individual (SVLDLTGi) derived from the actual measured value (VLDLTGi) and the respective reference group mean (VLDLTGr) and standard deviation (SD VLDLTGr): SVLDLTGi = (VLDLTGi -VLDLTGr) / SD VLDLTGr (1) The standardized values SVLDLCi, SLDLTGi, SLDLCi, and SHDLCi were calculated similarly. The respective means and standard deviations in the reference group used for these calculations are presented in Table 1 . These are consistent with the data from the Jerusalem Lipid Research Clinic Study when we take into account the fact that our reference group excluded those with the GOH conditions. 37 The standardized values of the total VLDL and LDL fractions in each individual (SVLDLi, SLDLi) were calculated as the means of SVLDLCi and SVLDTGi and of SLDLCi and SLDLTGi, respectively:
Because HDL-TG was negligible under the study conditions, SHDLC was assumed to represent the standardized value of the total HDL fraction (SHDLi).
S-VLDL, S-LDL, and S-HDL thus represented the continuous form of the lipoprotein fractions. Their categorical form was defined as the disturbed levels equal to or great- The reference group included 165 persons. 'Computed after exclusion of outliers, exceeding three standard deviations. f75th percentiie (for HDL-C, the 25th percentiie) of the distribution, including outliers. er than the 75th percentile of the respective distribution in the reference group for S-VLDL and S-LDL and equal to or less than the 25th percentile for S-HDL.
Validity of the standardized values as estimates of the lipid content of VLDL and LDL fractions. The contention that the standardized values are better estimates of the total fractions than VLDL-TG and LDL-C is supported by the following: 1) HDL-C was better correlated with S-VLDL than with VLDL-TG (r = -0.192 vs. -0.137) and with S-LDL than with LDL-C {r = -0.222 vs. -0.054); 2) VLDL-TG was better correlated with S-LDL than with LDL-C (0.159 vs. 0.071); and 3) the highest correlation was between S-LDL and S-VLDL (r = 0.245).
Definition of disturbed lipoprotein profiles. Our objective was to evaluate whether hyperinsulinemia was associated with specific combinations of disturbed lipoprotein levels.
To this end, we adopted a classification system of lipoprotein profiles analogous to that currently prevailing in the classification of hyperlipidemias. 38 ' M > *° In these definitions, the cut-off point used to categorize disturbed lipoprotein levels is the 95th percentile of the normal population. However, because the shifts in the distributions of lipid levels under the study conditions were expected to be mostly within the ostensibly normal range, we used the 75th, rather than the 95th, percentile of the reference group as the cut-off point for defining disturbed S-LDL and S-VLDL levels, and we added disturbed S-HDL levels (< 25th percentile of the reference group) to the characterization of the patterns.
We used these cut-off points to divide the study group into eight mutually exclusive categories representing all possible combinations of disturbed lipoprotein fractions: 
Statistical Analysis
Lipoprotein levels were compared: 1) in each of the GOH conditions and in the total GOH group vs. the reference group, 2) in hyperinsulinemic vs. normoinsulinemic individuals within the total study group, in each of the GOH conditions, and in the total GOH group. These analyses were done in two ways: 1) We used the Mantel-Haenszel rate ratios of disturbed lipoproteins with test-based 95% confidence limits. 41 These are presented throughout the text in brackets following the rate ratios. 2) We used Hotelling T 2 (Biomedical Computer Programs -BMDP, University of California Program 3D, Berkeley, CA) which simultaneously compared the distribution of all lipoproteins as continuous variables.
The equality of the adjusted means of sum insulin in the eight lipoprotein profile categories was tested by an analysis of covariance (BMDP Program 2V), which used logtransformed sum insulin as the dependent variable. The grouping factor was the lipoprotein profile according to the eight categories. The covariates were age, BMI, systolic blood pressure, and sum glucose as continuous variables and gender and smoking as categorical (dummy) variables. The adjusted means of the log-transformed sum insulin for each lipoprotein profile were obtained from this analysis and are presented in their antilogarithmic form.
The analysis was repeated with gender as a grouping factor so that we could enter a gender-lipoprotein profile interaction term.
The independent effect of the GOH conditions, as opposed to the effect of hyperinsulinemia, on the rate of specific lipoprotein profiles was evaluated by logistic regression analysis (BMDP Program LR). This analysis used the rates of specific disturbed lipoprotein profiles as the respective dependent variables and hyperinsulinemia, the GOH conditions, gender, age, and smoking as the categorical, independent variables. To ensure that the effect of hyperinsulinemia was not due to increased BMI in hyperinsulinemic individuals, this analysis was repeated with BMI as a continuous variable.
Because the effects of hyperinsulinemia on the lipoprotein profile were found to be statistically similar in both men and women, only the results for the total group are presented. This simplifies the tables.
Results
Of the 542 individuals comprising the study group, 113 (20.8%) were glucose-intolerant, 270 (49.8%) were obese, 192 (35.4%) were hypertensive, and 252 (46.5%) were hyperinsulinemic. The reference group numbered 165 (30.4%) individuals, and 377 (69.6%) belonged to the GOH group. These rates resembled those in the 960 individuals of the 1211 in the insulin group who, like the current study group, were not diabetics or taking antihypertensive medications (23.9% glucose-intolerant, 51.3% obese, 36.1% hypertensive, 46.4% hyperinsulinemic, and 28.7% in the reference group). This indicates that the current study group was not selective.
All three GOH conditions were significantly associated with increased rates of disturbed levels of all five lipoprotein subtractions and, consequently, of S-VLDL, S-LDL, and S-HDL. This was indicated by the ratios of these rates to the respective rates in the reference group, which were all above 1.0 (1.2 to 1.9, Table 2 ). There were no significant differences in the rates of disturbed lipoproteins between the seven mutually exclusive GOH categories, representing all possible combinations of GOH conditions (i.e., hypertension alone, obesity alone, abnormal glucose tolerance alone, hypertension with obesity, and so on; data not shown).
Hyperinsulinemia was also significantly associated with increased rates of disturbed levels of all five lipoprotein subtractions and of S-VLDL, S-LDL, and S-HDL. This was demonstrated by the ratios of these rates to the respective rates in the absence of hyperinsulinemia in the total study group, which were all significantly greater than 1.0 (1.4 to 1.9, Table 3 ). Moreover, the increased burden of disturbed lipoproteins associated with hyperinsulinemia was present to the same extent within the reference group as within each of the seven mutually exclusive categories representing all possible combinations of GOH conditions (data not shown).
In their continuous form, S-VLDL, S-LDL, and S-HDL were also significantly correlated with sum insulin, BMI, sum glucose, and systolic blood pressure (Table 4 ). Of these univariate correlations, those with sum insulin were the strongest. The table demonstrates the association of each lipoprotein fraction with the other two fractions. Thus, the rate of disturbed S-VLDL in 321 individuals in whom S-LDL and S-HDL were not disturbed was 18.4%; among the 171 in whom either S-LDL or S-HDL, but not both, was disturbed, the rate was 30.4%; and in the 50 in whom both S-LDL and S-HDL were disturbed, the rate was 62.0%. Similar trends were observed when the rate of disturbed levels of S-LDL and S-HDL each were compared by the presence of disturbed levels of the other two fractions.
Table 4. Univarlate Correlation Coefficients of the Standardized Llpoproteln Fractions with Sum Insulin and the GOH Variables
The disturbed levels of S-VLDL, S-LDL, and S-HDL were strongly associated ( Table 5 ). The rate of disturbed levels of each of the three lipoprotein fractions increased almost twofold when one of the two others was disturbed and at least threefold when both of the two other fractions were disturbed. The correlation coefficient of S-VLDL with S-LDL was 0.245; of S-VLDL with S-HDL, -0.192; and of S-LDL with S-HDL, -0.222. All were highly significant ( p < 0.001).
In 262 individuals of the total study group (48.3%), none of the lipoprotein fractions was disturbed (profile N). In 31 persons (5.7%), all three fractions were disturbed (profile VLH); in 71 persons (13.1%), two fractions were disturbed (profiles VH, VL, and LH); and in 178 persons (32.8%), only a single fraction was disturbed (profiles V, L, and H) ( Figure 1 ). In the VLH group, the most disturbed profile, the mean lipoprotein subfraction levels were moderately disturbed: VLDL-TG, 163 ± 94.2; VLDL-C, 81. The lipoprotein profile groups differed significantly in BMI, sum glucose, and systolic blood pressure in the expected direction; thus, the lowest levels were in the N group, there were intermediate levels when one fraction was disturbed, and the highest levels were reached when more than one fraction was disturbed ( Table 6 ). The absolute increase in the means of all three GOH variables in their continuous form, from the least disturbed to the most disturbed profiles, was, however, moderate. The trend within the categories with more than one disturbed fraction with respect to levels of BMI, blood pressure, or glucose response was somewhat inconsistent and showed no significant differences. Gender ratio indicated significantly lower rates of disturbed profiles among women, particularly with respect to HDL alone or in combination. The only exception was the profile of isolated LDL disturbance (L) which included a significant preponderance of women.
Mean sum insulin levels, adjusted for the covariates, gender, age, BMI, sum glucose, systolic blood pressure, and smoking, were significantly higher in the VLH, VH, and VL lipoprotein profile groups relative to group N (167.3, 167.1, and 163.5 vs. 122.5; p < 0.001 for each comparison). In contrast, the mean insulin levels were similar, or only slightly and nonsignificantly higher than group N in the (Figure 1) . The independent effects of gender and of the gender-lipoprotein profile interaction term on insulin level were not significant, indicating that the association of these lipid profiles with insulin response was similar for both men and women.
The rate of VLH, VL, and VH lipoprotein profiles was more than doubled in hyperinsulinemic, as compared to normoinsulinemic, individuals in both the reference group (17.5% vs. 8.0%) and the GOH group (23.6% vs. 9.7%) ( Table 7 ). The similarity of the rate of these profiles in normoinsulinemic individuals in the reference and GOH groups is noteworthy, especially in view of the big difference in mean BMI between them, 22.5 vs. 25.8 (p < 0.001). In contrast, the hyperinsulinemic individuals in the reference group had only slightly higher BMI (23.2) than the respective normoinsulinemic individuals, despite significantly higher rates of VLH, VL, and VH lipoprotein profiles. The mean BMI in hyperinsulinemic individuals in the GOH group was 27.2. The rate of the LH profile in the reference group was less than 1 %, while in the GOH group there was a similar increase in both normoinsulinemic and hyperinsulinemic individuals (5.5% and 4.2%). No difference in the rates of isolated disturbed fractions (V, L, or H) was observed between hyperinsulinemic and normoinsulinemic individuals nor between the reference or GOH groups. Table 7 by using a logistic regression that accounted for the effects of age, gender, and smoking again indicated that hyperinsulinemia was associated with significantly excessive rates of disturbed levels of VLDL in combination with disturbed LDL or HDL (VLH, VL, VH) ( Table 8 ). Their analysis also indicated that there was no additional effect of GOH conditions on these associations. The prevalence of the combination of disturbed levels of LDL and HDL when VLDL was normal (LH) was significantly higher in the GOH conditions but not in hyperinsulinemia. The prevalence of isolated disturbed levels of the three fractions (V,L and H) was not related to hyperinsulinemia or to the GOH conditions. Apart from these associations, we observed significantly higher rates of disturbed lipoprotein profile in men as compared to women and in individuals over age 60 as compared to those under 60.
An analysis of the trends observed in
Discussion
Lipoprotein abnormalities are present in glucose intolerance, 1 " 7 obesity, 2 ' 6 ' 8 and untreated hypertension, 9 ' 10 conditions that are ubiquitously associated with each othe r i7,«-48 j n g Q O H conditions, as well as lipoprotein abnormalities, are all independently associated with hyperinsulinemia. 1 ' *• 11~24 The present report demonstrates a significant excess of disturbed lipoprotein levels, namely elevated VLDL and LDL and reduced HDL, associated with the GOH conditions and hyperinsulinemia in a sample of a free-living Caucasian adult population. In particular, this study deals with two issues not previously addressed. 821 " 24 First, the strong metabolic linkage between VLDL, LDL, and HDL, 1 ' 2528 ' 27 makes it important to evaluate lipoprotein abnormalities in terms of concommitant changes in all three fractions. 26 Second, to what extent can lipoprotein abnormalities in the GOH conditions be accounted for by the attendant hyperinsulinemia? This latter question was partly addressed in one study, 21 but no previous study has related hyperinsulinemia to combined lipid disturbances.
We found that hyperinsulinemia was characterized by a joint pattern of elevated VLDL, in combination with elevated LDL and reduced HDL, and that this pattern was unrelated to the GOH conditions once the association with hyperinsulinemia was accounted for. In addition, in a small portion of the GOH group, a joint disturbance of LDL and HDL with normal VLDL was associated with the GOH conditions and not with hyperinsulinemia. Isolated disturbed levels of VLDL, LDL, and HDL were apparently unrelated to hyperinsulinemia or to the GOH conditions and were no more common than was to be expected from the cut-off points used for their definition.
We have attempted to integrate our data with those from kinetic-metabolic and epidemiologic studies, with the aim of identifying factors that underly the disturbed lipoprotein levels in the GOH conditions. Current knowledge suggests that the invariably increased VLDL levels in impaired glucose tolerance, 29 type II diabetes, 28 ' 293047 and obesit y , 30,48,49 a r e m a j n |y due to increased synthesis. Decreased VLDL clearance plays a significant role only in the presence of severe hypertriglyceridemia, 12930 which occurs in only a minority of these cases. 1 ' 5 ' 8 The increased VLDL synthesis has been attributed to increased flow of substrates, such as glucose and free fatty acids, to the liver 1 ' x -47 or, alternatively, to hyperinsulinemia or its attendant insulin resistance to which this synthesis Is directly proportional. 1 ' 28 ' 28 Our data suggest that hyperinsulinemia and insulin resistance are the major factors determining increased VLDL synthesis.
In the case of LDL, not all epidemiologic and case-control studies show increased levels in the GOH conditions. 1 ' 5051 Nevertheless, LDL production increases in obesity and type 11 diabetes 27 ' M ' 31 • 49 ' s 2 " 57 and is positively correlated with insulin response. 31 Except in severe hypertriglycertdemia, LDL formation resembles the normal condition by the similar proportion of LDL derived from VLDL. 27 ' ^ 31 ' s 2 " 54 This implies that, irrespective of the apparently increased direct VLDL removal in these conditions, 1 the net LDL production increases in correlation with increased VLDL synthesis and hyperinsulinemia. This is consistent with our finding that elevated LDL levels in the GOH conditions occur primarily in association with VLDL elevation and hyperinsulinemia. Similarly, reduced LDL catabolic rate seems to play a major role only in the small number of severe hypertriglyceridemic cases 27 ' 31 as in the case of VLDL. In most cases, the fractional catabolic rate is normal and the absolute catabolic rate increases 27 ' 31> M ' M -M with increased LDL production and hyperinsulinemia. 31 This positive correlation of hyperinsulinemia with LDL catabolism may be caused by the stimulatory effect of insulin on LDL receptor activity. 69 Thus, although LDL production increases, LDL blood levels may remain normal under these conditions as long as normal LDL removal processes are not saturated. It is of interest to note that in normal Individuals, the main determinant of LDL levels Is production and not catabolic rate. 60 On the other hand, the pattern of concurrently elevated LDL, reduced HDL, and normal VLDL, which we found to be associated with the GOH conditions but not with hyperinsulinemia, suggests that other factors may determine LDL levels in these conditions. These could be factors that reduce receptor-mediated LDL removal through LDL modifications such as glucosylation; changes in size, cholesterol/triglyceride ratio, and lipoprotein distribution 1 ' 6 ' x -M ' 61 ; or an altered intracellular metabolic state. 82 Another possibility is defective lipoprotein transfer reactions. 63 However, our data indicate that any such factors are less important than the insulin-enhanced processes in the disturbance of LDL levels.
When we consider HDL, there is only one preliminary report of a kinetic study in the GOH conditions, in which the authors show reduced synthesis in type II diabetes. 84 The interrelationships of HDL with VLDL and LDL are far from clear. HDL levels are inversely correlated with VLDL and LDL levels from the normal to the pathologic range. 28 ' ^ M Yet HDL can be derived in vitro from VLDL, 28 ' «• 67 and in type II diabetes the transfer of cholesteryl esters to VLDL and LDL is reportedly inhibited, with concomitantly increased transfer to HDL. 63 However, it is now thought that HDL levels partly reflect plasma lipoprotein lipase activity. 26 ' m The low HDL levels in the GOH conditions may thus be linked to relative (to synthesis) or to absolute low lipoprotein lipase activity, which seem to characterize insulin-resistant states. 1 ' 68 ' 69 ' 70 The process may be further compromised by reduced cellular HDL binding caused by possible competition from increased LDL levels in hyperinsulinemia. 71 Our findings suggest that the low HDL levels in the GOH conditions are linked to hyperinsulinemia and to insulin resistance.
It should be noted that, to date, no parallel kinetic studies of lipoprotein levels in hypertension have been conducted. However, hypertension is an independent state of hyperinsulinemia and insulin resistance 17 " 20 and the association of hypertension with the lipoprotein profiles via the hyperinsulinemia in our study was similar to glucose intolerance and obesity. Thus, it is reasonable to assume that the trends for these two conditions will also be true for hypertension.
A point of interest is the similarity of the interrelation-ships between lipoprotein profile, insulin response, and the GOH conditions in both men and women, despite the lower rate of disturbed profiles in women. The question of the extent to which conclusions from our data can be extrapolated to other populations should be addressed. Although the population from which our sample is derived is similar to other Caucasian populations in rates of obesity and hypertension, 32 our group is unique in its relatively high rate of glucose intolerance and thus, may not be representative of other populations. However, the basic metabolic relationships between carbohydrate and lipid metabolism are qualitatively similar in practically all populations and all ages. 15 ' M ' **• ** The association of hyperinsulinemia with disturbed lipoprotein levels has also been reported in studies of a variety of populations and a wide range of ages. 12 ' 6 > 21 " 24 ' 28 " 31 Thus, we suggest that the above described patterns provide the major pathophysiological basis for the disturbed lipoprotein profile in the GOH conditions in most populations and population strata.
The pattern of disturbed lipoprotein profile, which characterizes hyperinsulinemia, is reminiscent of that of combined familial hyperlipidemia (CFH), which is marked by Increased LDL and VLDL, 38 ' *° as well as by low HDL (although the latter is not part of its definition). 72 n It is of interest to note that CFH is associated with increased rates of obesity and type II diabetes, 74 and that extraneous changes, such as diet, may alter the VLDL/LDL ratio in this disorder. 75 These manifestations of CFH, as well as the overproduction of VLDL and increased LDL turnover in many cases, 49 ' 7375 suggest that, at least in some cases, CFH may be an expression of hyperinsulinemia and insulin resistance.
Finally, our results agree with a hypothesis of insulin atherogenicity. 21 ' 222378 Hyperinsulinemia and insulin resistance underlie all the major pathophysiological risk factors for atherosclerosis: obesity, glucose intolerance, hypertension, increased VLDL and LDL, reduced HDL, and the recently reported low lipoprotein lipase activity. 77 All epidemiologic studies have addressed the independent risk associated with each lipid or lipoprotein but they have not considered the combined patterns. 38 It is clear from the literature, however, that the main characteristic of the lipoprotein profile that is associated with increased risk for atherosclerosis is a concommitant disturbance in all three fractions. 78 Eisenberg 28 has suggested on the basis of metabolic studies that, rather than incriminating individual lipoprotein fractions, the overall profile should be considered. When all plasma systems operate efficiently, HDL levels will be high and will be accompanied by normal VLDL and LDL levels, reflecting a basically "healthy" plasma fat transport system that is nonatherogenic. Our data suggest that hyperinsulinemia and insulin resistance play a major role in disturbing this balance.
